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摘 要  
 1






激酶级联通路参与调节 mTOR 所介导的能量应激反应。p38β或 PRAK 基因缺失
都可以阻断 mTOR 所介导能量应激反应。另一方面，能量应激刺激物可以激活
p38β-PRAK 信号通路。这些结果表明了 p38β-PRAK 是 mTOR 所介导的能量应
激反应所必需的。进而，我们分析了 PRAK 在 mTOR 所介导的能量应激信号通
路中的定位，并确立了 p38β-PRAK 信号通路与 mTOR 信号通路的交联点。我
们发现 PRAK 可以结合并体外磷酸化 Rheb。进一步的研究证实 PRAK 可以在能
量应激刺激下磷酸化Rheb第 130位丝氨酸。这一磷酸化修饰使得Rheb结合GTP
的能力下降，从而抑制了 Rheb 引起的 mTOR 活化。本研究证明了细胞内的两
条重要的信号通路——p38 信号通路和 mTOR 信号通路相交联共同参与调节细
胞的能量应激反应。它成为能量应激刺激下 TSC2 调节 Rheb 的一个重要补充机
制。更为重要的是，它第一次为我们揭示了以下几个方面：第一，p38β-PRAK
在细胞内参与能量应激反应的生物学功能；第二，p38β具有生理意义的下游底
物蛋白——PRAK；第三，PRAK 继 p53 之后的另一个重要的下游底物蛋白——
Rheb；第四，mTOR 上游激活蛋白 Rheb 的新的负调控机制——磷酸化修饰。近
年来，大量的研究表明 Rheb-mTOR 的非正常活化将导致癌症。这一研究将为寻




















Energy is one of the essentials for cellular growth, differentiation and division. 
Energy stress response is one of mechanisms that maintain cellular energy 
homeostasis and keep the biochemical and phyological processes in good condition. 
mTOR (mammalian target of Rapamycin) signaling pathway is proved to participate 
in cellular energy stress reponse by controlling protein translation, cellular growth 
and autophage. In the other side, p38 signaling pathway is well known as a 
regulatory mechanism that is in charge of celluar stress response. However, it is still 
unknown whether p38 signaling pathway takes part in this process and what is its 
role in energy stress reponse. Our research showes that p38β-PRAK cascade is 
involved in mTOR mediated energy stress reponse. p38β or PRAK deletion blocks 
mTOR mediated energy stress response. Meanwhile, energy stress stimuli, like 2-DG 
and glucose starvation, can activate p38β and PRAK. These data demonstrate that 
p38β-PRAK cascade is necessary in mTOR mediated energy stress reponse. 
Furthurmore, we analysed the location of PRAK in mTOR mediated energy stress 
response signaling pathway. We identified the cross-talk target of p38β-PRAK 
cascade in mTOR signaling. PRAK, as a kinase, could bind to Rheb, resulting in the 
phosphorylation of Rheb in vitro. We also proved that PRAK could phosphorylate 
serine 130 in reponse to energy stress stimuli in vivo. This phosphorylation 
modification reduces the GTP binding capacity of Rheb, suppressing its activation on 
mTOR. Thus, we demonstrates that p38 signaling pathway could cross-talk with 
mTOR signaling pathway, participating in the regulation of cellular energy stress 
reposnse. In addition to the regulation of Rheb by TSC2, the phosphorylation of 
Rheb by PRAK is another mechanism that suppresses Rheb activity in response to 
energy starvation.This is the first time to reveal the physiological function of p38β 
and its substrate in vivo. Also, it reveals another important substrate of PRAK in vivo 
as well as p53. More importantly, this work also reveals a new post-translational 
modification of mTOR activator—Rheb. Recently, abberant activation of 















discovering new strategy and therapeutic target in treating Rheb-mTOR induced 
cancer.  
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